Background. Late-onset sepsis (LOS) is an important cause of mortality among very low birth weight (VLBW) infants, and deaths occurring within 3 days after the onset of sepsis can probably be ascribed to sepsis. We examined the association of sepsis due to specific pathogens with the risk for early mortality after the onset of LOS, adjusted for perinatal and neonatal risk factors.
The overall mortality rate among premature infants with very low birth weight (VLBW; defined as birth weight of р1500 g) and late-onset sepsis (LOS; defined as sepsis with onset at age 13 days of life) is reportedly as high as 17%-19%, mainly because of gram-negative bacterial and fungal infections [1] [2] [3] [4] [5] . Overall mortality, however, may not reliably reflect mortality that can be ascribed directly to LOS, since most deaths occur long after the LOS event and could well result from other neonatal complications. Stoll et al. [6] report that death could be attributed to LOS in 87% of infants who died within 3 days after blood was obtained for culture and yielded a pathogen. In their study, almost half of the deaths among infants with sepsis occurred within 3 days after onset of LOS. In the absence of autopsy evidence of an infectious cause of death, early mortality (death within 3 days after onset of LOS) rather than overall mortality appears to characterize more accurately sepsis-attributable deaths.
In VLBW infants with LOS, early mortality rate has been observed to vary according to the causative pathogens involved. Gram-negative bacteria, mainly Pseudomonas species, have been associated with the highest early mortality (24-75%) [1, 2, [6] [7] [8] [9] , and in 2 recent reports from Israel, Klebsiella species emerged as the leading gram-negative pathogen causing LOS in VLBW infants with an early mortality rate of 13.8% [1, 10] . Karlowicz et al. [9] determined the pathogens associated with fulminant LOS; Pseudomonas species accounted for 42% of the cases, and 56% of these cases resulted in death within 48 h after blood was obtained for culture. The aim of the present study was to examine the association of specific pathogens with early mortality after onset of LOS in a large national cohort of VLBW infants, adjusted for perinatal and neonatal risk factors.
METHODS

Collection of data.
This study is based on an analysis of data collected from the Israel Neonatal Network on VLBW newborn infants born in Israel. All 28 neonatal departments in Israel participated in collection of the data that comprise the Israel National VLBW Infant Database. All live-born infants in Israel receive a unique identification number at birth. Patient information received by the database coordinator is cross-checked with the national birth registry, and data missing for any infant are requested from the birth hospital. Each infant's identification number and birth hospital subsequently remain confidential by consensus agreement between all participating centers. A prestructured form is filled in for each infant. The data collected includes parental demographic details, maternal pregnancy history, as well as the details of antenatal care, delivery, the infant's status at delivery, diagnoses, procedures and complications during hospitalization, and the outcome at discharge from the hospital. An operating manual and standardized definitions are used by all the departments [1] .
Definitions. The definitions that were used conformed with those of the Vermont Oxford Neonatal Database [11] . Early death was defined as death within 3 days after the onset of an episode of LOS. LOS was defined as positive microbial growth in у1 cultures of blood samples obtained after 72 h of life with accompanying clinical signs of sepsis. All microbial growth in blood cultures was reported, including cultures of blood drawn from indwelling vascular catheters. The number of events of LOS, the infant's age at the time of infection, and the organisms cultured were recorded. The age at the time of onset of sepsis was considered to be the day on which the first blood culture for the event was performed.
The diagnosis of sepsis due to coagulase-negative staphylococci (CoNS) was determined according to the criteria of the Vermont-Oxford Network Database [1, 11] and required clinical signs of sepsis, blood culture positive for CoNS, and intravenous antibacterial therapy for at least 5 days after performance of blood culture, or until death occurring within 5 days after performing blood culture. Whenever CoNS and another pathogen were identified in the same blood culture, only the other pathogen was recorded in the database. Information on antimicrobial susceptibility and antibiotic therapy are not recorded in the database.
Gestational age was determined according to the date of the mother's last menstrual period and, when available, early fetal ultrasonographic findings. An infant was classified as having small size for gestational age if its birth weight was 12 SDs less than the mean weight for gestational age according to the intrauterine growth charts created by Usher and McLean [12] . Respiratory distress syndrome was diagnosed according to clinical and radiological criteria, and pulmonary air leak was defined to include pneumothorax and/or pulmonary interstitial emphysema. Necrotizing enterocolitis was diagnosed by the presence of clinical and radiological characteristics, according to the criteria established by Bell et al. [13] . Only definite necrotizing enterocolitis (Bell grades 2 and 3) was included. Intraventricular hemorrhage was diagnosed by cranial ultrasonography and graded according to the classification created by Papile et al. [14] .
Study population. From January 1995 through December 2001, there were 10,215 VLBW infants registered in the database, accounting for 99% of all live-born VLBW infants in Israel. Of these, 1240 infants died within the first 3 days of life and 10 infants had incomplete data. Of the remaining 8965 infants, 2644 (29.5%) developed у1 episodes of LOS: 2001 infants had a single episode, 468 had 2 episodes, and 175 had 3 episodes. The study population experienced 3642 events of sepsis that involved the following 10 most common pathogens (table 1) : CoNS, Staphylococcus aureus, Enterococcus species, Klebsiella species, Enterobacter species, Pseudomonas species, Escherichia species, Acinetobacter species, Serratia species, and Candida species. There were an additional 199 sepsis events of sepsis, and culture revealed that, of these, 66 events were caused by mixed pathogens that were cultured, and 133 events were caused by group B Streptococcus species (9 events), other S treptococcus species (36), Staphylococci species (12), Enterobacteriaceae species (24), nonfermenting gram-negative bacilli (10), aerobic gram-positive bacilli (11), anaerobic bacteria (7) and fungi (4) , and other organisms (20) including Hemophilus species, Pasteurella species, and undefined, predominantly gram-negative bacilli. During the 7-year period, a change in the distribution of pathogens was noted. The proportion of LOS events due to CoNS increased from ∼45% to 55%, with concomitant decreases in the proportion of Klebsiella infections from 16% to 10% and the proportion of Candida infections from 13% to 9%. Statistical analysis. Univariate analysis was used to evaluate the association between potential risk factors and early mortality by estimating the crude odds ratios and 95% confidence intervals with the maximum likelihood method in the discrete logistic-hazard model [15] . Because of the discrete time scale for each episode of sepsis, the discrete logistic-hazard model was applied including the serial number of the event. This method models the probability of early mortality after a given event of sepsis and is conditional on an infant's survival of previous events, enabling the inclusion of data about several events for the same infant. The risk factors included both eventlevel covariates, which were the types of pathogens, the infant's age at the time of onset of sepsis, and infant-level covariates including perinatal and neonatal risk factors. Variables that were significantly associated with early mortality at a P value of !.25 were entered into the multivariate analysis to assess the independent risk for early mortality with respect to each pathogen, after adjusting for other risk factors. Because of the strong correlation between birth weight and gestational age, and between respiratory complications and the need for respiratory support, the risk factors of birth weight and respiratory support were excluded from the analysis. Statistical analyses were performed using SAS statistical software, version 8.2 (SAS Institute).
RESULTS
A total of 3462 episodes of LOS occurred in the 2644 infants, and 171 infants died within 3 days after the onset of sepsis. In 8 infants, 2 different organisms were cultured on different days, but within the 3 days prior to death. Thus 179 isolates were considered to be associated with early mortality. The distribution of LOS events and early deaths according to specific pathogens are shown in table 1. Half of the events were due to CoNS, which accounted for 31 (17.3%) of all early deaths. Klebsiella species caused 12.9% of all LOS events and a quarter of all early deaths. Pseudomonas species, which accounted for only 3.8% of LOS events, was, however, associated with 16.8% of early deaths. The univariate analysis of factors associated with early mortality after LOS is shown in table 2. Mortality within 3 days after the onset of sepsis occurred in 5.2% of sepsis events. The percentage of events associated with early death ranged from 1.8%, for CoNS sepsis events, to 22.6%, for Pseudomonas sepsis events. Early mortality was associated with a lower age at the time of onset of sepsis, lower gestational age and birth weight, presence of pulmonary air leaks, and occurrence of grade 3-4 intraventricular hemorrhage. Table 3 shows the crude and the adjusted risk for early mortality after LOS according to the associated pathogen and perinatal and neonatal risk factors. The crude analysis was adjusted for the serial number of the sepsis event. In the adjusted model, there was risk for early mortality for infants with sepsis due to Pseudomonas species (OR, 12.3), Klebsiella species (OR, 6.3), Serratia species (OR, 6.2), Escherichia species (OR, 4.3), Enterobacter (OR, 4.1), and Candida species (OR, 3.2), compared with the risk associated with CoNS sepsis. Excess risk for early mortality was also significantly associated with gestational age (OR, 0.73 for each week of increase in gestational age), small size for gestational age (OR, 2.2), chronological age at onset of sepsis (OR, 0.8 for each week of increase in age), and grades 3-4 intraventricular hemorrhage (OR, 2.0). The number of LOS events and the occurrence of respiratory distress syndrome, pulmonary air leaks, patent ductus arteriosus, necrotizing enterocolitis, and congenital malformations were not significantly associated with early mortality after LOS.
DISCUSSION
LOS has been associated with excess mortality among VLBW infants [1, 5, 6] , who are 2.7 times more likely to develop LOS than are all other neonates [5, 16] . It has been reported that among VLBW infants with LOS who subsequently died, almost half of the deaths occurred within 3 days after positive blood culture [6] , and the timing of death varied according to the infecting pathogen: 71% of deaths associated with gramnegative bacterial sepsis occurred within 3 days after diagnosis, whereas 41% of deaths associated with gram-positive bacterial sepsis and 48% of deaths associated with fungal infections occurred within the same length of time [6] . Karlowicz et al. [9] have reported that 56% of infants with pseudomonal sepsis died within 48 h after performance of blood culture.
The present study evaluated early mortality after LOS in relation to specific types of pathogens. Infants died within 3 days after the onset of sepsis in 5.2% of the sepsis events; however, early mortality rate ranged from 1.8% for infants with CoNS sepsis to 22.6% for infants with pseudomonal infections. To gain further insight into the independent effect of infection with specific pathogens, we determined the crude risk and the adjusted risk for early mortality for each group of pathogens. The adjusted analysis identified the type of pathogen, a lower gestational age, small size for gestational age, lower chronological age at the time of onset of LOS, and intraventricular hemorrhage of grades 3-4 as significant independent predictors of death within 3 days after the onset of LOS. Sepsis events caused by Pseudomonas, Klebsiella , and Serratia species were associated with the highest risk of early mortality. For Pseudomonas sepsis events, the unadjusted OR for early death was 17.2, compared with that for CoNS sepsis, confirming other reports of high mortality rates among VLBW infants with pseudomonal infections [6, 8, 9, 17] . In the adjusted model, however, the OR was 12.3, suggesting that the extremely high mortality associated with pseudomonal infection may be partly the result of infant characteristics, rather than the infecting pathogen.
A number of limitations of the present study should be considered. First, the definition of CoNS sepsis remains controversial. For example, any combination of empiric antibacterial therapy, even if not necessarily effective against CoNS, was considered sufficient for fulfilling the criteria for intravenous antibacterial treatment of CoNS sepsis. Although our definition has been used by others [2, 11] , a proportion of the CoNS events may have represented contamination, thus potentially skewing the comparisons. The proportion of CoNS sepsis events in our study, however, was similar to the proportion in VLBW infants that has been reported elsewhere [2] . Second, autopsies are very rarely performed in Israel, usually because of religious reasons, thus precluding confirmation of a direct relationship between mortality and LOS. Third, we could not ignore LOS events caused by pathogens other than the 10 major types of pathogens that were considered in the present study or caused by polymicrobial infections. These classifications accounted for 5.7% of all LOS events and were associated with an early mortality rate of 10% and a 5.6-fold increase in risk for early mortality after LOS. An additional limitation is the lack of comparison between participating centers because data collected at the birth hospital is kept confidential by consensus agreement of all centres. Patterns of infection and early mortality rates may vary among neonatal departments, and outcome could be influenced by the antibiotic therapy regimens used. Finally, our database does not include information regarding the susceptibility of pathogens to antibacterial agents, hence we were unable to assess the effect on mortality of any antibacterial therapy that preceded onset of sepsis, the appropriateness of antibiotic therapy that was administered at the time of onset of sepsis, and the duration before the initiation of potentially effective antibiotic therapy.
The high risk for early mortality after LOS due to Pseudomonas species and Klebsiella species may warrant a reevaluation of policies for prevention and treatment of nosocomial sepsis in the neonatal intensive care unit, including the use of empiric antimicrobial therapy, especially in younger infants of very low gestational age [18] . Several studies have shown that a modified empiric antimicrobial protocol for VLBW infants with presumed LOS could have a positive effect on mortality after LOS. In one study, empiric addition of amphotericin B to the treatment regimen led to a reduction in mortality after fungal LOS [19] . Furthermore, in Israeli neonatal intensive care units, the change of empiric therapy to piperacillin/tazobactam therapy has contributed to a reduction in the incidence of LOS, particularly cases of LOS associated with multidrug-resistant Klebsiella species [10] . The routine inclusion of empiric anti-Pseudomonas and Klebsiella agents in suspected nosocomial sepsis may improve outcome in those infants infected by those organisms. However, antibiotic use is double the rate of proven sepsis and the widespread use of broad-spectrum antibiotics may facilitate the growth of resistant organisms in the neonatal intensive care unit [20] . In a large, multinational study [21] , it was recently shown that failure to use an antibiotic that is active against extended-spectrum b-lactamase (ESBL)-producing Klebsiella pneumonia e was associated with extremely high mortality. Similarly, Jain et al. [22] showed a higher mortality rate among neonates with septicemia due to ESBL-producing gram-negative pathogens. Recently, an increase in the frequency of ESBL-producing organisms was reported in an Israeli neo-natal intensive care unit [23] . Unfortunately, as stated, our database does not include information regarding antimicrobial susceptibility and laboratory identification of ESBL production. Thus we were unable to attribute the excess mortality rate to ESBL-producing organisms.
In summary, the clinical characteristics and the early mortality rates of infants varied according to the type of pathogen responsible for the LOS. LOS due to Klebsiella species and LOS due to Pseudomonas species were associated with 6.3-fold and 12.3-fold increases in risk for early mortality, respectively, compared with LOS due to CoNS. These 2 pathogens accounted for almost 42% of all early deaths. Considering the aggressive nature of sepsis caused by these pathogens, particularly in younger infants of low gestational age, empiric treatment against these organisms, especially against those producing ESBL, is worth consideration when managing presumed LOS in VLBW infants.
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